To determine whether patients receiving fibrin sealant placed in a single lateral osteotomy site during rhinoplasty will note substantial improvement in pain, bruising, swelling, and overall healing compared with the untreated side and to determine whether blinded observers detect a substantial difference in bruising and swelling on the basis of review of standard postoperative photographs.
operative day 7 for both bruising and swelling (PϽ.03). On postoperative day 21, bruising retained statistical significance (PϽ.05); however, swelling did not achieve statistical significance. Patient questionnaires were evaluated and significance was determined for the treated compared with the untreated side of the nose on postoperative days 1, 7, and 21. Categories included pain, bruising and swelling, and overall rate of healing. The Wilcoxon rank sum test revealed no significance for pain or overall rate of recovery (PϾ.06) on postoperative days 1, 7, or 21. However, bruising and swelling both achieved statistical significance. On postoperative day 1, both pain and swelling scales achieved a significance of PϽ.01 (Wilcoxon critical z value, 2.34). On postoperative day 7, bruising achieved significance at PϽ.005 (Wilcoxon critical z value, 2.63) and swelling achieved significance at PϽ.01 (2.45). Both bruising and swelling achieved equal significance on postoperative day 21 (PϽ.01; Wilcoxon critical z value, 2.57 and 2.45, respectively).
Conclusions:
Fibrin sealant applied to a lateral osteotomy site significantly reduced bruising and swelling per patient report on postoperative days 1, 7, and 21. Physician observation reported significant reduction in bruising on postoperative days 1, 7, and 21 and reduction in swelling on postoperative days 1 and 7. The ease of application and versatility of fibrin sealant enable rapid healing after rhinoplasty and produce increased patient satisfaction. for many years and has a wide range of clinical applications for suture support, tissue adhesion, and hemostasis. Fibrin sealant imitates the final phase of the blood coagulation process. Fibrinogen is converted to fibrin on a tissue surface by the action of thrombin, which is then cross-linked by factor XIIIa, creating a mechanically stable fibrin network. This fibrin network is thought to reduce the amount of postoperative bleeding by sealing capillary vessels and enabling raw operative surfaces to adhere. The potential advantages of the use of such substances include prevention of hematoma, reduction in surgical time, reduction in flap edema, and shorter recovery time.
The physiologic mechanism that creates fibrin sealant was first described by Morawitz in 1905. In the 1940s, a com-bination of thrombin and fibrinogen from the wound plasma was used in cataract operations.
1 Fibrin glue was originally described in 1970 and is formed by polymerizing fibrinogen with thrombin and calcium. 2 It was originally prepared using donor plasma; however, because of the low concentration of fibrinogen in plasma, the stability and quality of the fibrin glue were low. 3 Commercially pretreated fibrin sealant products were developed to increase the efficacy of forming a stable clot and to provide increased volume of material available. These were shown to be highly efficacious in liver resection and cardiothoracic surgery. 4, 5 These products are heat treated, which greatly reduces the risk of disease transmission. The fibrin sealant and delivery system are easy to store and rapid to construct, and, therefore, have enjoyed some use in cosmetic surgery. 6, 7 Fibrin sealant (human) (Evicel; Johnson & JohnsonWound Management, Somerville, New Jersey) is a plasma cryoprecipitate-based sealant that consists of 2 components: (1) biological active component-2 (BAC2), also called human clottable protein, which consists predominantly of fibrinogen and (2) thrombin. BAC2, a concentrated solution of clottable plasma proteins, consists mainly of fibrinogen and other proteins. The thrombin solution contains highly purified human thrombin and calcium chloride for activation of clotting of the final combined product. Thrombin is a highly specific protease that transforms the fibrinogen contained in BAC2 into fibrin.
Rhinoplasty and lateral osteotomy are well suited for the use of fibrin sealant. During lateral osteotomy, the fractured bone and disrupted periosteum are at risk of bleeding that can result in periorbital bruising. As with all surgery, patients desire shorter healing time and lower associated morbidity such as pain, bruising, and bleeding. These need to be minimized in what is both a cosmetic and reconstructive procedure to further control results.
METHODS
The trial was designed as a prospective, randomized, singleblind, controlled trial with approval from the University of California, Davis Institutional Review Board committee. The study material (Evicel) was granted US Food and Drug Administration exemption for use in a human patient population. Ten consecutive patients were asked to participate in the study, all of whom gave informed consent and were recruited into the study. Informed consent involved a discussion with one of the operating surgeons (S.G.P., J.S., and T.T.T.), receipt of a patient's bill of rights, and full disclosure of the study protocol. Exclusion criteria included patients who were pregnant or planned to become pregnant in the near future, patients with a known allergy to blood-related products, and patients medically unstable to undergo surgery. All of the procedures performed were rhinoplasty involving bilateral lateral osteotomy. Patients were unaware of which side was treated with fibrin sealant. No additional cosmetic procedures such as facelift, blepharoplasty, or chin augmentation were performed.
Evicel is provided as a single-use human surgical sealant kit consisting of 2 packages, the first containing 1 vial each of frozen sterile solutions of BAC2 and thrombin and the second containing the sterile application device. It is the only totally human protein-derived, bovine-free fibrin sealant commercially available in the United States. The unit cost for 2 mL of fibrin sealant plus the applicator is $200. The vials are stored in a freezer; when removed and thawed, they are stable for 24 hours. The vials are readily thawed in 5 minutes without the use of a rapid-warming device. After the BAC2 and thrombin solutions are thawed, they are drawn into a unique trilumenal (2 syringe lumens and 1 air lumen for spraying) catheter application device (Figure 1) . As the plungers are depressed simultaneously, the solutions are mixed by the applicator and sprayed into the operative site. The applicator gently sprays the fibrin sealant into the operative wound as a thin layer and, therefore, allows a relatively small volume (2 mL) of sealant to be delivered evenly. The solutions mix as they exit the catheter during administration, are applied topically by dripping or spraying, and, once applied, are transparent. The reconstituted preparation mimics the final steps in physiologic coagulation. Fibrinogen is converted to fibrin on the wound surface in the presence of calcium ions by the actions of thrombin and factor XIII, all derived from human plasma. A stable cross-linked fibrin clot is formed.
During rhinoplasty, after lateral osteotomy was completed, a sealed envelope was opened to show randomization to the left or right side. Then 2 mL of fibrin sealant was sprayed into the selected lateral osteotomy site on either the right or the left side. Gentle manual pressure for 3 minutes was applied to both sides of the nose for further hemostasis. Closure of the mucosal incisions to access the osteotomy site was not performed on either side. In each patient, fibrin sealant was delivered to either the right or the left side, with the contralateral side serving as the control. A standard cast dressing was applied externally to the nose in all patients. Standard 2-cm packing was placed bilaterally in all patients overnight.
Patients were seen the next day for removal of packing and assessment. The assessment included postoperative day 1 photographs and a patient questionnaire. The questionnaire was provided and time was allowed for completion without the presence of medical professionals including the primary investigator (S.G.P.). Patients repeated this process on postoperative days 7 and 21. Patients had no knowledge as to which side was treated until the completion of the study.
Standardized background and camera-mounted lighting were used for all photographs, which were obtained using a digital single-lens reflex camera (Nikon D7; Nikon Corp, Tokyo, Japan). In accordance with requirements of the Health Insurance Portability and Accountability Act, all patient data were linked to an alphabetical system to prevent identification and to protect privacy. Photographs were stored on a password-protected computer in a locked room. Only the principal investigator (S.G.P.) and the blinded observers had access to the photographs.
Five raters evaluated each patient's nose and the area on either side of the nose. Each rater was asked to state which side of the nose had less bruising and swelling. The reviewers were blinded as to which side was treated with fibrin sealant. We thought that the treated side was better if at least 4 of the 5 raters agreed. In this case, the treatment was deemed a success or a failure. If the treatment effect was clinically worthwhile, at least 80% of the patients' treated sides were clearly judged better than the untreated sides; that is, treatment of randomly selected patients would have an 80% chance of success. With that assumption and a sample size of 10 patients, we will have 80% power with a 2-sided test of proportion at the P = .05 level. 8 The blinded observers were asked to rate bruising and swelling for each side of the nose on a scale of 0 (0% of the area is bruised and swollen) to 10 (100% of the area is bruised and swollen). When these data were analyzed, these ratings were converted to numbers 0 (best) to 10 (worst), respectively. For each side of the nose, the values from the 5 raters were summed to produce a score in a range from 0 (best) to 50 (worst). The difference score between the treated and untreated sides of the nose was used to quantify the degree to which the treatment helped. Once a difference score for each patient was computed between the treated and untreated sides, a signed rank (Wilcoxon) test of the hypothesis that the median difference is greater than zero was performed. 8 Each patient was also asked to rate each side of the nose for the percentage of the area treated that had less pain, less bruising, less swelling, and faster overall recovery time on a scale of 0 (0% of the area was bruised or swollen) to 10 (100% of the area was bruised or swollen) (Figure 2 ). When these data were analyzed, these ratings were converted to numbers 0 to 10, respectively. The difference score between the treated and untreated side of the nose was used to quantify the degree to which the treatment helped. To test this hypothesis, a difference score for each patient was computed consisting of the score for the treated side of the nose minus the score for the untreated side. A signed rank (Wilcoxon) test of the hypothesis that the median difference is greater than zero was performed. 8 
RESULTS
The mean age of the patients was 41 years (age range, 21-66 years). Half of the patients were women. Eight patients were white, 1 was Hispanic, and 1 was Native American. Six patients received fibrin sealant treatment to the right lateral osteotomy site and 4 patients received treatment to the left lateral osteotomy site.
Five blinded observers rated the patients on the basis of standard facial plastic surgery photographic evidence. Assessments were made of bruising and swelling on each side of the face with no knowledge of which side had been treated. On postoperative day 1, the Wilcoxon rank sum test revealed a statistically significant difference for bruising (PϽ.03; Wilcoxon critical z value, 1.99) and swelling (PϽ.01; 2.41). Similar findings were noted on postoperative day 7 for both bruising and swelling (PϽ.03). On postoperative day 21, bruising retained statistical significance (P Ͻ.05); however, swelling did not achieve significance.
Patient questionnaires were evaluated and significance was determined for treated vs untreated side of the nose on postoperative days 1, 7, and 21. The Wilcoxon rank sum test revealed no significance for overall rate of recovery or pain (PϾ.06) on postoperative days 1, 7, or Exit Interview Re: Human Subjects Application, "Efficacy of Evicel in Rhinoplasty (Nose Reshaping)" Thank you for participating in this study. Please answer the following questions.
1.
Please rate the overall recovery period for each side of your rhinoplasty. 21. However, bruising and swelling both achieved statistical significance. On postoperative day 1, both pain and swelling scales achieved a significance of PϽ.01 (Wilcoxon critical z value, 2.34). On postoperative day 7, bruising achieved significance at PϽ.005 (Wilcoxon critical z value, 2.63) and postoperative swelling achieved significance at PϽ.01 (2.45). Both bruising and swelling achieved equal significance on postoperative day 21 (PϽ.01; Wilcoxon critical z value, 2.57 and 2.45, respectively) (Table) .
COMMENT
Fibrin sealant can reduce bleeding and is used in almost all specialties, from neurological surgery for dural repair 9 to vascular surgery for intraoperative control of arterial hemorrhage. 10, 11 The versatility is such that fibrin glue was used in as many as 5% of all surgical procedures in US hospitals in 1995. 12 Recently, fibrin sealant has obtained some popularity in cosmetic facial plastic surgery for tissue adhesion in craniofacial surgery and endoscopic brow-lifts. 7 Although the composition and delivery system differ among the commercially available fibrin glue products, we do not believe that the fibrin sealant used in our study differs substantially from any other fibrin sealant. All vary in the specific methods of manufacture but rely on the same physiologic process to form fibrin on the wound surface. The 2 notable exceptions to Evicel being the lack of bovine derivatives, which may, in theory, decrease the risk of allergic reaction, and it can be prepared faster than some other options available. 
